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(57)Abstract: ^WrWB 
PROBLEM TO BE SOLVED: To provide a method 
capable of calculating quickly an optical path distribution 
inside a heterogeneous scattering absorber such as an 
organism. 

SOLUTION: This method comprises a first step for 
dividing a medium to be measured into voxel's to the 
number of N, a second step for assuming the same 
imaginary medium except no absorption relative to the 
medium to be measured, a third step for setting a light 
entering position and a light detecting position on the 
imaginary medium, a fourth step for calculating impulse 
response s(t) on the light detecting position, a fifth step 
for calculating probability density Ui(t\ t) in which the 
impulse response on the light detecting position at the 
time t exists in voxel i (i=1,...,N; 1 <N) at the point of time 
t' (0<t'<t), a sixth step for calculating accumulated 
probability Ui(t) from Ui(t\ t) in which the impulse 
response detected at the point of time t exists in voxel i, 
and an eighth step for calculating a time-resolved optical 
path length li of voxel i from Ui(t) and s(t). 
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[o o 4 1 ] 7Si3> ±m<Dmtmmb£wmmtom 
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tlte> =E>T*)VUW&* mmft (Path Integral) 

[0042] zz-z. imw<mMm&moymft 
immjmz& o imiz$m&mtm&\ \ amm^n 
-s rmfeo&wtti t«, ♦HdS3£*ti-&t>©^afe 
<. mzjtt. ftymzfrMBuzg-j^TmiiiutzMm 
mmm (tr s> , Rrataffrati (tis), nana- 
jo wf-vimwm (tgs) . Mfaa®isas^«-e©fi: 

W^mm (PMS) , ¥i§fit&HS^ < 3t C TBUfc© 
ffflt£& (AVM) ^CDmK«R^©F^l5fha!t^t?t. 
cfc<, ^C«(l)~(12)^U^<k3^MBL{^^ 

[0 0 4 3] ^^®iSL!R^#FWO^Q^* 
ftttZ^Cf&tfrteii&N (l^N) {iOvoxell^fiJ 

-rsm 1 7.j-y -?t.> iffi£Nm<Dvoxeuztt%fenrzM 
20 wmmmmz^-z, ma, m^mxm®&m* 
msmYmm*tm-x$>D. jmm»m^en*> m. 

s (t) zmfrziemmmii zwgt? %m 3 
t <Di%re*feffi£ti5Bfraa--f s (t)** 

fiUttwiMBt ' (o^t *^t) ©^^TJWBftBBJaffWacffilt 
©voxel i (i = l, 2. ■ -. N ; l^N) F^fClSfiEL 

>/\";px^s (t)*«fig : rs^m-a^^r3Bvoxei i F*g 
K#ftUTfc»fc3^?i=ftSR«»*ui (t) z&m-rzm 

X^-y iffi5ff?W&mm&Ui (t) ©tyoxeltC 

*frs^nu(t)^m-r-5B7x^yyi:> Mta^ 
^ #^^^ui(t)^B^ia)^#eEimiS¥Ui(t)© 

^voxel(cMt--5^DU(t)SffifflUTBWSvoxel i <m 
[0 0 4 4] ±IE©«^-{lt>. voxel i ©NfW^#^3t 

i^si i zmsmr^mmm--?* z t.m?^z><D~z. zn 
&m^Tmr&tfmye^n<DmMztt-r&tiQ& :5 ti%L 

i %ffig.lzM0i-$-Z>Z.£frX>%2>o Wife, voxel i (Dm 

mftmmmi i ^MR^fi^tf-^-r^. <i 
^7 ^^^*5t«t-S!rr-g./i*©m^© : &a©A#M^th 





13 

[0045] 

tots. ffca^^smsn^^Gafrr* 

[0 0 4 6] ft-T, 3js38W©JRlK:o^JTKWr<5. 

«p#?r*iWT83i. ®& j p®.mwi%--\zftm-z>7F&i 

^U£^<hK#^UTlB$T7^-5 £ Etc. do 
KffTf**c:4:*«SWSn*. a^T, titer? T&iHai 

WMs^tt, mm^&smzwim-zmk 

[0047] *mwte* mmm£%xfz\ti\zftjfct% 
wmmvmmm^TMz&^T. ot© co ~ 
(v) <mm&fm-rzzLt&m&M.i:VT^z>o 
[oo48] (i) mmm&*i(D®8T&ft 

^s-sscfhsy^^o^eis* c , i^r^^r t t-rrui, 
sic i = c t ^fifciTSo c-t, sghaaa^oja^f 

\m\z z\tt)K> o msxm^ifi—wsm^mm 

[0 0 4 9] (ii) m£K^^-?&-5£<*:#>e>> 

[0050] (i i i ) ±m<Dm#m\z> vmemkt 
fro. {-D^nm-mm > 
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xei }zftmvfrm&\z&^T. y&&mut 
tz%y£ : m&<D>mftm& &voxei i a = i. 2. 

-. N; l^N) O^mSliSr^t-r-SN^c^h 

;u [H] -e^rcitdnffrs. 

[0 0 5 1] (iv) dcD^I^Sdm^^ [li] 

[0052] (v) &m<DftcTwmmi$j')i>3v x 

JO AtCffi«/iS#a©S*-lll8:WiS±B2fC^U^voxel 

*3fcCTS«36l,;fc. (W8FP1 0-144300, Si 
(19)) o 

[ 0 0 5 3 ] m 1 \tmmmtt&ttm-^mmm 

to 

20 [ 0 0 5 4 ] m 1 issrr*ii8i»?^;wi. 

"(l^N) {®CDvoxel (#$g3§) K^WTSt* 
tC^-*V6n©voxelK#^ i (i = l, 2. -, N; 1 
£N) *ft»Tfc»*CDt?, *M*Nlltfti3MLTm3 
n&^®fchmU\ZNffi<Dvoxel&misT^% 0 

[0055] 0 1 izTF-rfimm&vwm^T 

;KDvoxel i ©*€r$;&.tfl§aft3u tt^SSStttBB* 
(Evoxel i |^CD®: I R$)- ; f ! F^-'^17*-5<i:Bi , 5:-ti-'5)/5\ — 

-sns. cnu, s^©m-tiyfCcb^T#en-5$voxei 

i toaWSfrftr—fliZ* #voxel i f^CD®:^^©^ 
i%ffitbT#'=>*l-5#>e> Tafe-So voxel i <DJ:&£%& 
Mmi&%.& Z.£\Z£K)£yox.el<D®$kh9t:3iZ>o t & 
t)%. fflm&(Dvoxel i <D^#$. R^^voxel 
<Dmmt. ^[3^feO<J;5{Cvoxel i |^OfW-l 

i i ©^€?SRtflg«fi, fiMsnsm-M^, 

[0 0 5 6] ^^CDm^JR#«©^i^^t^^ 

[0057] 01 {^-rtcst&^e^ufc:^®^^ 
«. s*©3tg&ft£fco3mi£*n*a*. maiNrKt 
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£i&6-5 1. 1 = c t <tbT5ms i m-mmz^^ 

•^voxeli (i = l, 2, N: l^N) Ki:fctt&3£ 

femtZ* cntC-^V^frKt&^^H*] ©voxel i ©ft 
voxel i I*l©^^^!m51i$:iim<5:-r 
3tQ&7c^h;u [li] -ea^ns. SfeKi^fc. 
ct5K3iaSSfii5i 1 t^M^!!cMt5*^> voxe 

i i favtiffflftmmsmim. ;nb®fi*©)tfov 

oxel i C3C3mS®^ CH^it) d 
i&frfij [li] #-*#HC*fe£5. 

[0058] z.z.-z. ±m<DmYwmb<D't >/vvxfe 
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&<Dmmftmsitmftft [in \zm^, ^ 

Wm&ftft [li] SttfW*©-f 
[li] £3&£>5 -5. 

[0059] i . mx^)vtmx^^m 

[0 0 6 0] -r-St, ST-blB© (i) fcl^L (v) ©£J 
B<fc> MBL^6> ftSSfil ift8&fi#*li£©W{£ 

[§&3] 

(2) 



i ti^8»#©N<@©voxel©:g# ( i = 
1. 2, • •, N; l^N) £5KU HIS. voxel i P*l© 

[0 0 6 1] £&. ^-ft5SUS^*SctfS!l^tbfc 



*(')-»(0«P 



(1) 5£K38^*TTE£T?aK3ns. 
Kfc4] 



HSc5] 



GR6] 



io*(o-iii*(o-yj^''<*'. 

a - " 



(4) 



(6) 



fivoxel i ©RiRflgt s(t)li«iHi««*: 

(5) ^©«^©a fii$ra##§Bes&g 
n fiwmw^mz&&isfc^ziifr*>mfrn 

Z>o ] 



[0 0 6 2] (4) (5) 3£te> (3) 

U£*>CD-e&-5. (5) AfcWS— fS^U&ft:©^ 

)V7,fc^{t)fr®mzim\sfo*§\n s(t)tTssre 

(16) 



[0 0 6 3] (5) 5&k9» 



in[h(t)/s(t>] ^ffay^^^^i^e^^ 
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[u] tymtfG [jti.>] £-zffi&v&zzt&t>fr 

t, miftmmnm-m ctrs) 
a^^^^^^m^^ en] \zmt<. z.<d 

[0 0 6 4] cfcOH^&^CTtLTfcJu ±3M>n 

^im&ffiffimHnmsm $mm?z> tgs, ie&s 
^^sfjjrrspMs* JEW*, 

m$m^<zmm&nt$!H-z>AVMfr%o tz.z&. z. 

r n 



(10) 



JO 
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tm^mzm^^^mtmmzm- vu^t \ztm 
uTiES^-e^-sdi:, mz. &m<Dyej&ge>M$m$>z> 

&m-tt-cffi$x-$z>z\ti)miiitsn. z.<Dmm^m 
mm&zwtmm®m\zM?2>m?m$tz*®z z t 
dn?#5 5 -*fc, ^rs^^{w mm&z>w$tm 
mwmt*^i±7>vm£z&&z.t.mm?z>^ t 

i s-^pms 

[0 0 6 5] T I S(D#a-C*5tt-531£^«, 

mm<D-f >/vuxj&gh(t) <Dm$mft\zmm u ties: 
<D£?\zgm~egz>o 



(6) 



S^-To ] 

[ o o 6 6 ] (6 ) &<Dmmmmftw& 

N 

- Yd**'!) < 
a in/ 2! i-1 



j£>)«P 



^ (3) ?&ZttJfc?Z> (4) (5) ^t[l«lCTIS 

[f&9] 



CO 



Bftl 0] 



(8) 



[ (7) zu* (8) Lua^ta&S{c*5^T^ai$ 

& (li) *^-To ] 

[0 0 6 7] u®?)*mfi O^fl^dmsnwin 
-pwmmz&m-Zo zv>m. (8) 5^0*^211 

©Htmi, (5) ^<D<fc3{c^T?^-r^citdi-i?*/5: 
^z:&z&M&z»&^fr$>z>o tot, M*»c*rr3 

a*§ii&ra~ #^s^mgLi-et^<> w.mzm?- 

[&1 2] 

mi 3] 

[ggtl 4] 



4? 



[0 0 6 8] ^i^{C^P<t^:-5i^-^!RiR* 
SAVMitWerau voxel i \z3stf Z>®g\rmMfotW& 

mfctnummm (mm&m) (Bi mmmcm 
au 1] 



(9) 



(10) 



(11) 



[gfcl 5] 
BS16] 



(11) 
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B l (M. i )-£"Lt(M,,)dro 



N 

B-ya, 
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(12) 



(13) 



(14) 



mi 71 



•2><*'<> 



(IB) 



[ o) - (i 5) Mvit ^i^o^rr-s- 
«flafc«esswu Bi(/i.«)fi, StU-ao^covoxei i 

B i ( n v ) li, 4&9ftftW)variel i CD-f >/VU^^CDP# 

r<mftuzm-?z>mmz^u abk^os, b i (ju. 

i/)(C*frSBi(/i..)©^«(M^S:^U Li(/ii/) 

mr& s m%s&&ff>m voxel i pyDtmim 
wm&uvuag&mzmv^ wis, MaamsiA 
Bi(tf..)K^*fi2M»Sre*0. ®Kfl3fc(HiSA/i 

[oo6 9] ^ v ±m<Dm-wm&>Mtz&m<DytcT 

vx*%32^&<mt.^mmmzitfj^&m&mi 
£.<DT&\z\z±m> (9) ^tra«cDH«sc»«riEiu r 
mmsm*%umtr* z\ tan?**, jwfcwiciiifc 

WW) 

\stztz\zmkwmQ \z^xm^^n^mmim. 



s- 



«')-'w 



[0 0 7 0] 2. ffl«?&ft®M 
PTOMPSBtKfcttfc [li] ©I^fcSPtBKHISBHS 

issii^s, tis <mutom5i&m . tgs ^ 

[0 0 7 1] m\Wm£<Dvaxel i <D#T£&iR«i 
W**!»KIRWi. tf.i=<n?*S. HI ^ 

»1 8] 

(ID 

[0072] isiBKWiEKti&ftii t«s i 

QRl 9] 



(2.1) 



K+, i {i^rfS^^e^l/Sr^firr -Svoxel CD## i 

(1=1. 2. -. N ; 1£N) ) ] 

[0 0 7 3] ±E®B#P B 1^J^{mSli W 1 £© 



50 li, «3e«lt«voi»li©l^|HKWS@BmBli*il^lffl 
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(t)j . rii(t)j tm&vrco 

[0 0 74] £^T. £©£5&t£ArMby y^^gc 

tux, voxel i (mfsmmfe^u^mat^mm 

[0 0 7 5] BI2ti> milzm^ffim^FErMZlS^ 

ymmmQ-mm-r^m^. -r » s (t) « 
fi^suao^mft^ i t^^m^ cra*>-&, ma 

t CDNf^-C^ffi^tlS^m-a-) (D?t>, voxel i 

SHU p i q (t) £^tm0T^. 
[0 0 7 6] iu-e, JJBSlWST^JW^iSViT, ft 

[5», Upi(t')«, ^t'=0tC*v»T3fcA#tfeBp 
d^AMU^f-^Kt^t'tdiJi/iTvoxel i (*KC# 
^33B^»£^£^U Uai(t-t')S> NrWt- 

t'=0 t*>^T^tHfi:»Qd^AMb^f d^rat- 

t'fc*5^Tvoxel i fa\Z&fc?Zffi"ft&mz&m$tt 
"To ] 

[0 0 7 8] &m>£3ttBSJmW3~ 3U*-WK 

#^^5-3 0 1 97 9, Y. Tsuchiya, ILOhta, and 
T. Urakami: JpaJ.Appl. Phys.34, Part 1, pp. 2495-2 
501 (1995) \ZMW<^. tlTl v§- 0 
[0 0 7 9] SKT<Dm$Z£H,*T. ±M<D (2. 

2) sn^^n^upi (t ') <fcuqi (t-t ') <h€\ ^-n^ 

*U mz r^t'fC^t^voxel if^©^#ffiiS^ 
SUpi (t ') J . mm-t ' iCiSttSvoxel i l*JCDft?# 

«Emp*sBEKuai(t-f)j tuTisirr^o 

[0 0 8 0] H3ii, ±I5CD (2. 2) 5£T^$n-5* 
K*&^e^t-f*lCD^t'}C*5ttSvoxel i ftO^^qfiE 
*W»ftUI(f. t), WflBt'fc*sW-*v<Hel i f*J©ft?# 
ffi*«tfflEUpi(t'), P#Ht-t'{^t§voxel i 

(*]©^#tei|^^UQi (t-t ') CD-W&wrr^ 71? 

[0 0 8 3] ±15© (2. 3) 5ST^3n-5Ui(t)fa 
-f >AMI^Jfrgs (t)£*fc£U JLPftl&Bi&i 1 

0. «T©KW£*tt>T» *K ri^O^t'^tJCliS^S 
voxel i [*!©*T#&^iiS^Ui(t)j tUTiS^ 
5o 
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ftSa <f s (t) u 

loBSSd^ 1 £&5ft?£l-g- (T&*>^ ffffiiJ t <Dft 

&~?&ttitsnz>y(rm-£) a*, fflkimm<i\z&^T& 
toznzim<Dftfflt'(o^t'^t)<DmjmzvoTiei i c# 

SEfS^I^SBl^&SUi(t'.t)S#AS. & 

(f.Ofc. Wl ri^t'{^j--5voxel HH<Dye=¥-ft&. 
«MSEUL(t'.t)j .hbTiaiEfSo 
/«? [0 0 7 7] ^ott, JJEffl*rl^45iaB»t'£SA 
UTl3^$n-5^t'lri5WSvoxel i f*I<D}t?#ft$l 
^S!Ui (t t) te, ffi,KiICS(reciproci ty theorem) £ 

igffl-rs z. t. \z& otis^o «fc 5 tc^-u^-So 

[&2 0] 

(2.2) 

[008 1] ±IBOUi(t'. t)te. (2. 2) 

ns—ooiiKSsti^-rs c <fcic<k o^m-r-s. c ta* 

^ T^S. Z\(Dm. Upi(t')Wu GmGttTJUDlf&M 

sfe. uqi (t-t •) hw^^^)vowmmm.o. 

±&<DMim<DM6mzismiziz, ^>^t»uu^ 
mm& (Path integral) ^tmjm&vmm 

J» [008 2] JtfB<DP#f!m ' fC*3^-5voxel i F^CD^^ 

ffliS^^ui (t '. t) zwmtz z\£\z&k>. wm^- 
^^WttzytAMftmvfr^ y/vuxyt&AMtr&m 
-ate, mkammQ \z$>^-cma t ©^-mmsn-s 

>n;U7Jfrgs (t)S«firr-5^fe0i 1 

TJlft&^ttm'SO^t'^tcDffllZvoxel i (C?^T 
Slit^SUi (t) *TSSCKftt) i <h^iT$ 

-So «icDiBi^sui(t)icfi, ^m^-?-t^;n*i (^D® 
a^rt. m^mmm) zw-wiz&MTzm-fim 
40 fe%ffl$\zm-wa&Hzttv&^<Bmm*$tf&2 

m.2 1] 

(2.3) 

[0 0 8 4] ^d-e. mm^e^JUXKD&oxeiiz-D 

(2. 3) ^T^$n-57t?^ffi^SliS^Ui(t)<D 
[^C2 2] 
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(13) 
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(2.4) 



[0 0 8 5] £©^#£E!fl$Hii^U(t){i> 

(£voxel|*j) {C#&r^H|g5g^€«t)-ro 
[0 0 8 6] STF&WffliZ&^T. ±IE© (2. 4) 
^T^$tl<5U(t)Ss r^o^t'^tfC*5lt-5^voxel 

ft©^#&i?MS&3su(t)j tu-ciarrs. 

[0 0 8 7] - Jf, ft\zm^.rdmSit'\ZS5WZ>voxel i 

^ ©^^eat^^u i (t \ t) e»uc mm^t 



tf„e.0-J"i 



\z. ymtmmQ K&^xtm t o^^ta$ti-g>-< 
>/v\,7jfi&s (t)s»fitrsmB^i i t&sfTi 

^t'^oxD^mzwrn^^uH mmmtm) \z& 

mit'Ki^w-swMBi i fre>ytf-&m&&muut'. t)j 
ks* lt> rv$nt ' \z^^^amm<D^mmm 

*fleUDQ(f.t)j WWt 

^7-^pS5S^^CD^0«Upq(t t) \Z#ls < > -CDU 
M(t', t)«Ui(t', t)«rfflt»TTqEST?3!®W-SC:t*5 

»2 3] 

(2.5)- 



[0 0 8 8] Z.<D (2. 5) *SlSHf= 0 d>&tirffi| 
t'= t OggfflT^^LfetXDfS, mZ7£sbfd% 

i 

[0 0 8 9] C^T, ^^Om®*R#«©^K^ 

upq(t \ t) «u utrat • *>mrnt • = t jre* 

i/(0- 'U w (<'.') 

[0 0 9 0] Jja©*3feC3bn*.T, KJRdt^t/M^^ 
fc:*s & vOSIHIt ' fC43frt5±voxelft<D^#»$5&a? ■ 
Upq(t\ t)f3u P3flnt'=<tt>&P3IHt' = t frC-STC* 

S££i&>e», £<z>Upq(t\ t)ti, *HJttlH!MtaK*»»T 

[0 0 9 1] £Lb^ (2. 4) SODRPWO^t'^tC 
fett-5^voxel|^©^#ffi^lSS®^U(t)H (2. 8) 

3&>m%& (2. 7) ^ic-fSA-r s ^ t f^ct o s^jtc 

1/(0 -u« 

[0 0 9 2] iftttl(D02T?i&BJUtUpia(t)e> 

N N 

2 u ^w-yt/i(o-t/(o 



[f&24] 

(2.6) 

So ■ec-e, s«Bi^u(t)tt, (2. 6«siwrf 

[g*2 5] 

(2.7) 

(1. 1) jttZ&®Tcs(t)\zm^Z\ T 

Uw(t',t)£s(t)£©W^VT3E^0£5 - - 

[|&2 6] 

(2.8) 



[»2 7] 

(2.9) 

[f&2 8] 



(2.10) 



[0 0 9 3] ft*, 04tC±fE©I^O^t'^rt£i5tt5 
voxel i l%Z)^?3^1&ii^Ui(tK PWBt'l&tetJSv 

oxei i fooiytT-ft&m&mmui <t\ o, wnt' 



{Ci5tt-5^voxelf*)07^#ffiSi^«UpQ(t', t) COM 
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(t) zffitfcr&ytf-m-scD^-zy&mfin t-ts-zytrmis 
ot-rntf, ^^lKt'.o^Nf^t^ o frtma t = t 

few WW 
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GR2 9] 

(2.11) 



[0094] t^-e, #Rtt?^;i/rtffl3eaa»i-- 

[0 0 9 5] JtffcWKltt, WK&^^;W*]K}tA*tft 

K*wxiwn t ©Pfcs-caffisns'f >/w**8Fs 
(t) *mm-&m^<n*^MmAnt.u&x^k£ 

1 i (t \ t) tt, ftfflt ' KiSttSvoxel i |*]© 

3im?ffi««!faEUi(t',t)icifcwr*. *uc, n 

(t*. t)©«HI»»ttT*«^iaK«!SBtiSSli (t) feUi 

y.w 

fiC'.') f,(0 " f(<) «(<) 



(t '. t) (Dmm&mz&zm-mmmmui (o tat 

10 R5M t ©PforeWHS*iS< s (t) 

[0 0 9 6] HOjfcWflWfcAfcSJWi. (2. 1) 
5^ (2.9) 5& (2. 11) 5£fc£©Wfi$j&> 

S&3 0] 



(2.12) 



[0 0 9 7] (2. 1 2) £©M*$HffB^l/milB [&3 1] 



£© (2. 13) 5££.k?K P3WKW!HBeB8**tf£N 
^£©IS|BKW!fSBtBftlItt* Ui(t'.t) £ (2. 2) 
*»6WfansUi(t). U(t), fefct^Ht*3£»fct; 

[0 0 9 8] £©<k5&i^:Shi?SDmgliJ3~ 

vtzmzmmz* mm^mm^sdm^mzmv^ 
^a©ffl-aii^{c*5»sfi*iifcsiBi&r*^j?)© 

[0 0 9 9] 3.^^^BmSli©A#^<jm-#fe 

*^©mKiK^i^ii5©7 l e^-^tt^:^*© 

[0 10 0] Jfe-T, SHW«ft<BWK:*5^T, 

feftJCK^^^rrst^ftre-SN (l^N) <@©voxel 
fc#WTS (S 1) o 50 



[oioi] mz. NmcHoxeuzftmznrzm\-®M 
*^*<E8M»f**«s«rr* (s 2) . — - - 

[0 10 2] #c fcjgm¥<&&ffl\z, 4>rW7JW 
SJ«&ft£fcJf Lfc-f >n;uxft©PffH t tc*tt£-r > 

/w**«rs (t) z&m-tzmttmmQ t&mtrz 

(S 3) . 

[0103] mz. mmmn^&KM®m.vfr^y 

>/WXJ8#s(t)SJttifr* (S4) „ 

[0104] yu&w&Dfr%tidmfcfo\z^ > 
/vvxytzAM^ vmt'=o\z&^xy&M®m.v>fr 

^AlfUfdff^t' =t'(Cfe^Tvoxel i (*JlC#fiE 

mmmqfrzmmfcfa\z>(>rt)V7,m:*M^ n 

Kl t-ffC^S^Tvoxel i fttC^firr <55fc?#ffifil^S 
Uai(t-t (2. 2) 5£{Cfto 

£AM-?&meriz, ymtmrniz^Tmra t ©n&a-e 
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&asns-r >/w**8fs (t) ^HfitrsM^i 1 

wmmm.m{t',t)^nt^ (ss) 0 
[oio5] &±<Dm&, -m<»y£AM®.m\z$i lt> 

fe> &voxel©&iRifc$c£^t;$-trC voxel ©Sgt&Ntc: 
[0 10 6] (2. 3) j&Sg^T, 

^sui (t \ t)^e^tttaaa fc^iTi^ t ©Nf 

xel i fit~?^bTv^^#&|?MgB&£Ui (t)SjftH 
(S6) „ 

[0 10 7] (2. 1 3) aK^TJtffiFfiQR 

mmuiitmzM >/vuxj&gs(t)zmm^ voxel 
[0108] suKD^m^fB—mmmiz^xwm 

K^%^<fc^bfc4ES«^f3ttbT (2. 2) 

mmmnit^T. w&mvm<fc&. m\z. #voxei 

JHWH£»0iSL-a*< £v>5P^30tf^53&fc©Mih 
JWCFKtc&D. vaseliF«g©NHa^W^Bt8SSli*it 

[0109] sfc, ±m<m&mut?m<Dffi&mfr 
#:©ffit©voxei i z:t\zMm^ti^msmmmm 

*HBKWitlttH-r*. £©*££»*. <g«&©ffit 

©voxel i ztxzmmtsn&mmmKs&iifrm 
mt. «D©{c^^©ffis©voxei i z: 

[0 110] fazhm^ra^olz, P$!H]dft3! 

TOWS i ©infi^Li RC«*WBtWi *JftH 
t-^it/^^ffld%^^7t©{C*fU. £©«3MWI&©ih 
voxel i ©RffiKHSSBe»&Rli*fflS61.-3ifit 
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iix^^«^^*3eMhS!rrs&©©Ff^©$a©A 

%Z.tfir?^Z> 0 ?3.£>. ^EB«Ef*:©ffig©voKel i 

- [ o l- 1 1 ] 06 s, ^^©m^#«©«^ 

^ft^L^©mn©^S^MSr^-r70-^^- hi?* 

-s. son fg6^-r^D-^^-hJco^Ti»Hj-r 

/<? -5. 

[0112] ^-r, wsHfcSMWKi^-c 

&&4x^fr£^S<h*;£ti:5N (l^N) <@©voxel 

tc^ir^. (SI) . 

[0113] Mz, Nm<Dvoxeuz^pmtircmYwm 

&ttt&fcM®&$:m5£tZ> (S2) . 

[0114] mz. mfflmko>%M\z, 4>tvvxf&fi 
/w**8rs (t)^m-r^^twfceq t^t^rrs 

(S3) . 

[0115] Mz, ^KM^Sv^mMmm^iz^ > 
/W.X3E«A1#U mit'=0\zis^Ty&Jtf®Mvfr 
eAltbfe7fe7-^Kt'=t'{C*5t,iTvoxel i fo\Z?f& 

j» p^it'-tic^t/ixvoxei i fa\z&&tz>yt : ¥-&&mmmm 

Uai(t-t')Sfl^-r-5, -€-UT, (2. 2) ^{3^ 

&*M?z>m&\z. ymimmizis^Tmrfi t opwtc 
m&n^ >n)v*j&&s a) s*fed?r*3E»&ft&i i 
tt&y&m&&* mtBMMiz&^Tmti&nz&m 
©Nfr B it'(o^t'^t)©^fcvoxei i 

[0 116] £U:©#&{Ct), -^©^AMfeMiCMb 

40 ®mzmii&&wmmz'im-?z>z.£tfT^z>o ^© 

#vontel©!ftiRfl3S:*3WkS-e-T, voxel©^cN 

[0 117]*C V (2. 3) SCfiEtsT, *fSPfia» 
^^Ui (t ', O^S^fflfteq fC*5^T^ra t ©f^F 

xei i toizttisT\t*t&ftt&sffltmji (o*jrta 

(S6) „ 

^ [0 118] «^iT» (2. 4) sSKlflfeT, 
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(S7) . 

CO 1 1 9] S^JC (2. 1 3) 5£Kt£r>-0£?#£E3l 

mmuitt)mn>/vix!mu(t)zmM^ voxel 

i O^^MiSSli€rif^1-§ (S 1 1) . 

[0120] ^<D#%m<Dm=M®m<Dmmfr^ 

^rdsMm^\zM^T (2. 2) 5£tc7STMrag£#? 
<©-e, fi^K^&5££©llfti^^Jt-<T> 

WffiglfiiM<teZ>Z.tfrt)frZ>o IC. &voxel©®iK 
^C^bS-erTvoxelOi^gc^ U^[5I|fct*tt)lBKS 

mzfcio^ voxel ifrvmfflmmmmu&w&R-o 

[0121] sfc, mzwm^r^mmoy^- mmm 

m<Dm&*m i-^ct izmm-r&m&izte. m6\z 
st7n-ft- hvm&\z&^T. mg.m£<D&M(D 
voxel i rt(c^tH$n^i^K^M»ei^gii*Mrab 

m-mttt&cDffifecDmmtt&zMj^&m^mri 
&\z$m.mfc<D&M(Dvoxei i c:tKjmi*n*wfflK)- 

Wi *#Ui-r^^i:di*-5o 
[0 12 2] Z<DM^mm.<DiYW^mt> voxel i ©P$ 

N 



Ai..{*voxel i ©iRJRfiaSftjSU s(t)«, & 
43<^T&ffi$nfcl^lSfiS# I £#JiS-r-53ie?£|-£©voxe 

i n:fe^.&¥JOTs (voxel i \zi$ttz>m®ftmsm. 

S§ftli©infi¥*i) S^fo ] £©5£T3i» lnl« 
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-5. 

[0123] £Uj»i3Ufc«k3fc, ^moymmm 

6\zmryu—r*-h<D%®L\Z&\,*T. &mmfc<?>& 

i^Mw?tt®(D]^<D$twttiztt!fc?z>m?tm$k 

jo [0124] ®mz. MAmtvTtzmm&z&MBL 
tz&^ymmisitmmMnm (tis), xxmn 
tmf-vmftWrm (tgs) , mmm^oymm 
mm (pms) , mz\s?mmm. (tis) 

£ti&©*a, €«©ftj&£i4, ^tc^^ >/\° 
;u7.^£?^©ig:^m-e^5ti-5^ tn^tuzttm- 

to 1 2 5] ot. nsraHwitt (tis) , mmm 
v-brntwrw (tgs) , mmmksm^omsst 

Wmm (PMS) <*©M£«^JB^i^CTK2t3iE© 

[0 12 6] 4. T I s \z&nz>ftc&\m&tt®<Dym 

ffiZW<fc£. O \Z. -i >/WXJ&gll(t) ©WWfflta- 1 £ 
JB^ST I StdS^ftCTTte, -f >/t>I/7J*?gh(t) 

t^rsvoxei i <D^my&^i j $>M&gjffifc£&m 

[0 12 7] K^cp^l'^^rrSfRSJftft:© 

-f>;\';i^7.jsm(t)G)^p B iiit^i^#A'5, £©»£# 

- ■01{^Ufc ; E5 ? )U©voxel i ©©^ - 

[f&3 2] 

(4.1) 



40 iRK3iWttfc29£» #voxel©KJR^/A.>K"fe?rr-5 
[0 12 8] '.IT, voxel i <D¥m®65Li}** W(£L 

BR3 3] 

(4.2) 
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Lfc^E^KDvoxel i (DmSLW^H v £ Lfct><ZrC*> 
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5. 
[1*34] 

(4.3) 
(4.4) 



B*36] 



i(/»v)-yti(/v) 



(4.5) 



GR3 7] 



£,oo-<V — - — — 



(4.6) 



[ (4. 3) - (4. 6) tf vtt, 

.iCD!RiKi^SE(ffiS*wU Li(/zv)«, - SO©^ 
2*/a v £fe-3^$£#CDvoxel i tC^^-S^i^mft^ 
tSU (voxel i F*g<D^ra^^BmSliO)iiaiW , 

hmkib¥&) > whs, mzm^rc o) ttoymm 

MABi(jx..)l^r*a*S«fe7?*»3, 



©fci^a^w?g^d^ii^ffi-rs £ tan***. 

[0 13 0] 5. TGS{C*3^-5fta^iRW5a5©« 

Q^mw?- hSKMt# i gts, Ti^r#^e»n 

So 

0*38] 

(5.1) 



[55rt», l. . is-r >/wx^<7)Pf pay- I g£ 

«fi8rr-53&f^&©voxeli lZt$VZsm%36& (voxel 
C1C1T?. y-M»#®fl^$SB&S[tl,t2]T?&9> 



[1*4 0] 



[0 13 1] *HfirrS3tCTCfflVi5fi*liSS:Wgi«, 
Tissre-^A6.ti-5. — - - - - - 

[3*39] 



(5.2) 



(5.3) 



[1*4 1] 



MMv) 



.^a 

jJ»j(/)«ap[-Av']<* 



(5.4) 



[ (5. 2) ~ (5. 4) SW, ti»fl£fr£-3- 
^^©ftJR«Sfcfcj*U Atf.itt, H&^CD (4. 

2&ctU Lgi(jxw)tt. ^KJBBfcftO-f >/VVZJ&S<0 



rtZS&ZXS&g: (voxel i fa<Df— NSfffi*3fcfeW-«P* 

($m?m) sslwhs. fees&vt. o) ^©m* 



(18) 
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ea b i ( v.* . ) stg s \z.mm vrz£.%<Dmmm 
ns. ] 

[0132] 6 . P M S K*«t*ia^iKflq^9W^ 

-A(&.a.)exp[-j«6,<»)] 
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B&4 2] 



(6.1) 



[&4 3] 



*-ga*-i«-g<i««K*i) 



(6.2) 



cosaxdi 



m44] 

(6.3) 



BK4 5] 



N 



unatdt 



(6.4) 



GR4 6] 
[S&4 7] 



K (6. 1) ~ (6. 6) RMfXi^t 

^^fetffim^-To ] _ 

• AT 



3a> 



sin a** 



(6.5) 



(6.6) 



[0 13 3] 
BK4 8 ] 

(6.7) 



|i.-j£V ( 0«P 



AT 



cos art d> 



(6.8) 



1*5 0] 



2J H >*L. X «t\ 



(6.9) 



[»5 1] 
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[ffc5 3] 
[I&54] 

B&5 5] 

d^StlS, (6. 1 1) 5£~ (6. 14) 3:<D&&<D 

[0 13 4] &Jt<D<i:o\Z, PMSTIJ (6. 7) 
(6. 10) ^(^-r4«l<DiB2E7^d^O> -W? 

©BR, ^CM^fcOt^CbT, (6. 7) 5£~ 
(6. 1 0) ft\Zii.,=p. v SrftALT^J&feMt, 
(6. 1 1) 5£~ (6. 14) 5£<Dgi^£ffl</>T, ttl 

^nvnzmk&nmtz z. tan?**. 

[0 13 5] JBLb :*«W0gm&3SM^te^TB¥ 
[0 136] 

xei i Aoisiiq&ftsftBKi i *mmr>%mzmm- 

JWt^T, tmm#4B<&:«. 30C «varelcD!ftJK 
^S^b^iirTvoxelcD^ci^U^Iill^WIRgS 
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(6.10) 



«52] 

(6.11) 



(6.12) 



(6.13) 



(6.14) 



20 mm^)v&&?w&m-e$>&. 

[02] mWZ^rmmr^^MZ^X. 

m p y/v^zye&tMtzm&iz. mammo. 

m?Z>ytrFm& OtBSaUKl&S) voxel i ^ 

•So 

[03] 02 izm^m&ttT)i>ftc>mmt • 

voxel i rtG>*mMS«^*Ui (t \ t) . mfflt '\Z&tt 
SvoxeliF«gCD^#fe«^SUpi(f), Rtf. P#p B l 
t ' K*5tt£voxel i fc<Dy£??£&$&&femiJ(ii (t-t ') <D 

[04] Nfr B 10^t-'^t{C*3^voxel i 

^B^Ui(t'.t), Rtf. f^t'fC^tS^oxell*!©^ 

'ttmmsaeumto v t) <z>bmr*«kwk5?t^7 
[05] ^Hjom^wi^o^m^^fi-^^o 

[06] ^W©m!RiR#«o)m^^m^:^© 

S1-I17T7/. S2-l2Xfyy. S3-B3 
TsTyZf. S4-l47r-y^ S5-I57fy^ 
S6-86^fy^ S7-i7Xfy^ S8 -B8 
X5ry7, S 1 1-SS1 lXfy/o 
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[01] 



[02] 



[03] 



SOB* (VtHMltt) 



1 


2 








A 






















} 






ft 





i 

l 



[04] 



[05] 




}-S1 



3-* 



| *it»m»**o*«u=»ti [ — si 



I 



3-3 



3-3 



T 



I 



T 
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